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PENETRATOR ROLE I N  MARS SAMPLE STRATEGY 

S t e v e  Dwornik, William Eckstrom, David A. Roalstad 

The app l i ca t ion  of the  pene t r a to r  t o  a Mars Return Sample 
Mission (MRSM) has d i r e c t  advantages t o  meet sc ience  
ob jec t ives ,  and mission sa fe ty .  Based upon engineering da ta  
and work cu r ren t ly  conducted a t  Ba l l  Aerospace Systems 
Division f o r  D r .  William Boynton a t  the  U n i v e r s i t y  of 
Arizona, who is the  P r inc ipa l  Inves t iga to r  on t h e  CRAF 
pene t r a to r  experiment, t h e  concept of pene t r a to r s  a s  
s c i e n t i f i c  i n s t r u m e n t s  is e n t i r e l y  p r a c t i c a l .  

The primary u t i l i z a t i o n  of a pene t r a to r  f o r  MRSM would be t o  
optimize t h e  s e l e c t i o n  of the  sample s i t e  loca t ion  and t o  
help i n  s e l e c t i o n  of t he  a c t u a l  sample t o  be returned t o  
Earth.  I ts  recognized t h a t  the  amount of sample t o  be 
returned is v e r y  l i m i t e d ,  t he re fo re  t h e  s e l e c t i o n  of t h e  
sample s i t e  is c r i t i c a l  t o  t h e  success of t h e  mission. The 
following mission scena r io  is proposed t o  h e l p  so lve  t h i s  
problem. 

The s i t e  s e l e c t i o n  of a sample t o  be acquired w i l l  be  
performed by sc ience  working groups. A decis ion  w i l l  be 
reached and a s e t  of t a r g e t  p r i o r i t i e s  w i l l  be e s t ab l i shed  
based upon da ta  t o  g i v e  geochemical, geophysical and 
geologica l  da t a .  The f i r s t  t ask  of a pene t r a to r  w i l l  be t o  
c o l l e c t  data a t  u p  t o  4 - 6 poss ib l e  landing sites. The 
pene t r a to r  can include geophysical,  geochemical, geological 
and engineering instruments t o  confirm t h a t  s c i e n t i f i c  da ta  
requirements a t  t h a t  s i t e  w i l l  be met. T h i s  i n - s i t u  near 
r e a l  t i m e  da t a ,  co l l ec t ed  p r i o r  t o  f i n a l  t a r g e t i n g  of t he  
lander ,  w i l l  i n s u r e  t h a t  t h e  sample s i t e  is both 
s c i e n t i f i c a l l y  valuable  and a l s o  t h a t  it is reachable w i t h i n  
l i m i t s  of t h e  c a p a b i l i t y  of t h e  lander .  

Once t h e  pene t r a to r  ve r i f i e s  t h a t  both c r i t e r i a  a r e  met, it 
can be u s e d  a s  a homing landing beacon f o r  the  lander .  
Technology f o r  guidance of t h e  lander  t o  the  p r e c i s e  sampling 
s i t e  is w e l l  w i t h i n  t he  s t a t e  of a r t .  A f t e r  t h e  pene t r a to r  
has s a f e l y  guided the  lander ,  it could provide a navigation 
reference t o  t h e  rover  t h a t  w i l l  acqui re  t h e  samples. The 
pene t r a to r ,  w i t h  s t e r e o  c a p a b i l i t y ,  can obta in  l a r g e  s c a l e ,  
mu l t i spec t r a l  images t o  provide s c i e n t i s t s  w i t h  p inpoin t  
l oca t ion  of sample sites. T h i s  mode of operat ion on the  
sur face  can decrease dependency upon a r t i f i c i a l  i n t e l l i g e n c e  
and robo t i c  systems of the  rover and the re fo re  provide 
increased sc ience  payload. 
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I n  summary, t h e  p e n e t r a t o r  c a n  be a n  i m p o r t a n t  i n t e g r a l  pa r t  
o f  t h e  Mars s a m p l i n g  s t r a t e g y  by p r o v i d i n g  i n - s i t u  d a t a ,  
s c r e e n i n g  a n d  c o n f i r m a t i o n  d a t a  t o  g r o u n d  b a s e d  
r e c o m m e n d a t i o n s :  it c a n  ac t  a s  a l a n d e r  b e a c o n  f o r  t h e  s o f t  
l a n d i n g  modu le  f o r  p i n p o i n t  l a n d i n g ;  a n d  c a n  p r o v i d e  a l a n d  
n a v i g a t i o n  t e c h n i q u e  €or t h e  r o v e r  sample a c q u i s i t i o n  
t r a v e r s e .  S c i e n c e  r e t u r n  w i l l  be e n h a n c e d  a n d  l a n d i n g  s a f e t y  
w i l l  be i n s u r e d .  


